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Abstract: This paper proposes a doubly-fed induction generator (DFIG) model built on three simulation platforms: Maxwell, 

Simplorer and Simulink. It can solve the overall modeling problem of the DFIG system effectively. In this paper, the generator 

physical simulation model (rotating shaft, rotor, stator and winding) are first established in Maxwell. Then, the internal 

(stator/rotor winding) and external circuit of DFIG are connected in Simplorer. The external circuit includes converter 

(generator side and grid side), filter, transformer and grid. Moreover, both the generator-side converter and the grid-side 

converter are controlled by Simulink. Finally, the simulation calculation study on the 5.5kW DFIG are carried out to validate 

the theoretical analysis. It is shown that SAGE causes distortion of the air gap magnetic field, the magnetic flux density (MFD) 

is inversely related to air gap changes. In addition, with the increase of SAGE, the curve of electromagnetic torque (EMT) 

moves down and rotor unbalanced magnetic pull (UMP) fluctuations become more obvious. The model can simulate the DFIG 

system accurately and effectively. And the simulation results are consistent with the theoretical derivation, which proves the 

validity of the model. This provides an effective method for the whole simulation and fault analysis of DFIG system. 
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1. Introduction 

Wind power technology has gradually become a key 

research topic worldwide gradually, because wind energy has 

the advantages of being clean, green and pollution-free [1, 2]. 

In recent years, the wind power industry has developed 

rapidly, and wind power has become one of the main power 

sources of power system [3]. But at the same time, there are 

also some technical problems that need to be overcome. For 

example, the winding vibration and wear problems caused by 

various complex factors such as wind speed and climate 

change [4], aerodynamic asymmetry [5], and transmission 

chain component failure [6] need to be solved urgently. In 

addition, the insulation degradation and damage of wind 

turbine windings under grid-side imbalance [7] and fault 

impact [8] also need to be studied. 

In fact, the entire process of a doubly-fed induction 

generator from the impeller capturing wind energy to obtain 

mechanical torque until the generator outputs electrical 

energy is an energy transmission chain. The two ends of this 

transmission chain, namely the mechanical end and electrical 

end, may input unstable shocks to the generator (such as 

aerodynamic asymmetry and grid short circuit) [9]. If the 

failure is allowed to develop, the generator may cause 

irreversible damage under the cumulative effect. There are 

mainly six typical unstable shocks such as aerodynamic 

asymmetry, bearing failure, gear failure, low voltage 

ride-through [10], sub synchronous resonance [11] and grid 

short circuit. 

In order to reduce the cost of wind power generation and 

improve the efficiency of wind energy utilization, the 

single-unit capacity of wind power generation equipment is 

increasing. Therefore, more research is needed on the design 

and manufacture of wind turbines, control system design and 

operation and other aspects. Simulation technology has 

gradually been widely used in the field of research and 

testing of wind turbines because of its strong adaptability and 

low cost. 
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Most of the traditional generator simulation is to use one 

of Matlab-Simulink, Maxwell and other software to realize 

the modeling and simulation of the generator system [12, 13]. 

Although some results have been achieved, it cannot reflect 

the actual working conditions of the generator completely 

and accurately. It is undeniable that Matlab has considerable 

performance in terms of control principles, but there are 

certain defects in generator transmission [14]. Specifically, 

applying the state-space equation method to establish a 

generator model in Smulink and using some of the power 

electronic devices and generator models provided by the 

existing Power Blocks module in Simulink can be used for 

generator control system simulation. However, Simulink 

simulation cannot reflect the real-time state of the motor. 

Because it can only provide static power electronic devices 

and linear motor models, it can be used for evaluation of 

control algorithms, but it cannot constitute a real controller 

design and overall policy [15-17]. Maxwell is typical 

electromagnetic finite element analysis software, which can 

realize the analytical calculation of motor performance and 

automatically generate Maxwell 2D/3D finite element model. 

Maxwell can perform finite element analysis on the transient 

and steady state of the motor, and realize the optimal design 

of the motor. However, it has limitations in the control 

algorithm and cannot complete the design and 

implementation of the algorithm for complex motor control 

strategies (such as fuzzy controllers, etc.) [18]. 

In response to the above problems, this paper proposes a 

simulation method that can reflect the actual working 

conditions of the motor quickly and control the motor in real 

time, that is, use Maxwell, Simplorer and Simulink three 

software for co-simulation. In order to verify the 

effectiveness of the simulation platform, the joint simulation 

models of doubly-fed induction generators under normal and 

eccentric conditions based on these three soft wares was built. 

The simulation results are closer to the actual operating 

conditions of the generator. The platform construction 

process is as follows: First, Maxwell is used to design a 

simulation model of a doubly-fed induction generator to 

reflect the actual working conditions of the generator. Then 

set up the circuit of generator system in Simplorer, and 

transfer data (such as the generator speed and current) in 

Maxwell to Simulink. Then a control circuit was built in 

Simulink to control the converter and protection device in 

Simplorer. Finally, run the joint simulation in Simplorer, and 

the results of the simulation can be viewed in Maxwell or 

Simplorer. 

2. Establishment of DFIG Co-simulation 

Model 

The control structure of the wind power plant is shown in 

Figure 1. The blades capture wind energy and use the 

gearbox to drive the rotor of the generator to rotate to 

generate electricity. The generator studied in this paper is 

DFIG, whose rotor windings only play an excitation role at 

sub-synchronous speed and synchronous speed. But when the 

rotor speed of DFIG is in a super-synchronous state, the rotor 

windings also play a role in power transmission to the grid. 

This requires a control system to accurately control the 

generator rotor winding circuit at various wind speeds. The 

co-simulation model in this article solves the simulation 

problem of generator model and grid-connected circuit and 

its control. 

 

Figure 1. DFIG system. 

The simulation in this article is divided into three modules, 

namely Maxwell, Simplorer and Simulink. Maxwell was used to 

build a specific model of DFIG in actual operation. Simplorer is 

used to build specific circuits in the process of DFIG grid 

connection. Simulink is used to build a control circuit that 

controls the generator side/grid-side converter in Simplorer. 

2.1. The Maxwell Model of DFIG Under Normal and SAGE 

Conditions 

This article takes DFIG under normal and SAGE 

conditions as an example to establish a simulation model, and 

the normal and fault conditions are shown in Figure 2. 

According to literature [19], static air-gap eccentricity 

(SAGE) mainly affects the permeance per unit area (PPUA), 

and no influence on the magnetic motive force (MMF). 

Magnetic flux density (MFD) is composed of MMF and 

PPUA. The MFD can be expressed by Eq. 1 under normal 

and SAGE (ignoring the change of PPUA caused by the 

interaction of the stator and rotor slots). 
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where fp(αm,t), fv(αm,t) and fµ(αm,t) are respectively the main 

wave synthetic magnetic potential, the stator winding 

harmonic magnetic potential and the rotor winding harmonic 

magnetic potential. p is the main wave synthetic magnetic the 

number of pole pairs of the potential. v and µ are the pole pairs 

of the stator and rotor winding tooth harmonic magnetic 

potential respectively. αm is the circumferential angle of the 

air gap. t is the time. Λ0 is the constant part of the air gap 

permeance. λk1 is the harmonic permeance caused when the 

stator is slotted and the rotor surface is smooth. λk2 is the 

harmonic permeance caused when the rotor is slotted and the 

stator surface is smooth. λk1λk2 is the harmonic permeance 

caused by the simultaneous slotting interaction of the stator 

and rotor. δs is the value of rotor static eccentricity, δs = 

|OO’|/g0, as shown in Figure 2. 

 

Figure 2. Air-gap of generator in normal and SAGE. 

Ignore the high-order and small amplitude harmonics, the 

Electromagnetic torque (EMT) can be written as [20] 

( )
2 2

2cos
,

30

s r

em m

ml R n
T b t

Z

π ϕ α=         (2) 

where m is the number of phases, φ is the power factor angle. l 

is the effective length of the stator winding within the 

magnetic field. Rs is the inner diameter of the stator core. nr is 

the speed of the generator rotor. Z is the total reactance of the 

stator winding. 

Generally, the magnetic pull per unit area (MPPUA) 

generated by MFD contains radial and circumferential 

components. Circumferential MPPUA has little effect, so 

radial MPPUA is taken into account. According to Maxwell 

tensor method, the value of radial MPPUA in the air gap can 

be expressed as 
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The radial unbalanced magnetic pull (UMP) of the rotor 

can be obtained through [21] 
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From Eq. 1, the air gap MFD under SAGE is (1+δscosαm+ 

δ
2 

s cos
2
αm) more than normal. Therefore, the MFD after 

eccentricity is related to αm. Specifically, MFD decreases as 

the air gap increases, and increases as the air gap decreases. 

And the EMT will increase (see Eq. 2). The EMT of the 

generator is negative, so the occurrence of SAGE reduces the 

torque. According to Eq. 4, the rotor unbalanced magnetic 

pull (UMP) is zero under normal conditions, and the rotor 

has no vibration. After eccentricity, the magnetic field 

distribution is not uniform, and UMP increases. 

Table 1. Basic parameters of 5.5kW doubly fed induction generator. 

Parameters Value 

Rated Capacity 5.5kW 

Rated voltage 380 V 

Frequency 50 Hz 

Power efficiency 0.94 

Rated rotating speed 1500 rmp 

Outer diameter of stator core 210 mm 

Inner diameter of stator core 136 mm 

Out diameter of rotor core 134 mm 

Inner diameter of rotor core 48 mm 

Length 155 mm 

Stator/Rotor slots 36/24 

Stator/Rotor Pole pairs 2/2 

 

Figure 3. Maxwell model. 
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The simulation is based on a 5.5kW DFIGURE. The 

physical and structural parameters of the generator are shown 

in Table 1. Input the generator parameters in the RMxprt 

module in Maxwell, and directly generate the required 

two-dimensional finite element model of the generator, as 

shown in Figure 3. 

The stator and rotor winding excitation is external 

excitation, and check the box in front of "Enable 

transient-transient link with Simplorer". The appropriate step 

size is selected during co-simulation (the step size in 

Maxwell is smaller than it in Simplorer). In this paper, the 

calculation stop time of the Maxwell model is 2s, and the 

step size is 2ms. The SAGE faults of DFIG (generally caused 

by aerodynamic asymmetry, bearing failure, etc.) can be 

implemented by the eccentricity command in the Maxwell. 

Figure 4 shows the direction of the rotor eccentricity. 

In this paper, the degree of SAGE is set to 0.1mm, 0.2mm, 

0.3mm along the X direction, so three simulation models 

with different degrees of eccentricity are obtained. 

Eccentricity failure will only change the air gap distribution 

between the stator and rotor. It has no effect on the external 

winding connection mode, so the circuit connection in 

Simplorer remains unchanged. 

After building the generator model in Maxwell, the model 

was imported into Simplorer and connected to the external 

circuit. 

2.2. The Establishment of Control Circuit Model in 

Simplorer 

In the establishment of the Simplorer model, the stator 

winding of the generator can be directly connected to the grid. 

However, the rotor winding must be converted and filtered 

before it can be connected to the grid (the rotor winding not 

only has the excitation function, but also can provide electric 

energy to the grid when the wind speed is high). The specific 

circuit connection is shown in Figure 4. The name of each 

interface in the model is determined according to the 

example of DFIG in Matlab. 

As shown in Figure 4, the basic control system of DFIG 

includes filters (generator side and grid side), converter 

(machine side and grid side) and transformer. 

 

Figure 4. Simplorer model. 

The converter is the core control component of the 

electrical part, divided into generator side converter and 

grid-side converter. The generator-side converter can realize 

variable-speed but constant-frequency operation of the wind 

power system by adjusting the frequency of the excitation 

current. The main purpose of the grid-side converter is to 

provide a stable DC-side voltage for the generator side 

converter, thereby realizing the two-way flow of power. 

These two parts are combined by Insulated Gate Bipolar 

Transistor (IGBT). And the specific control of IGBT is 

completed by Simulink. 

2.3. Establishment of Simulink Control Circuit 

The connection between Simulink and Simplorer is 

completed by the S-Function module in Simulink. Various 

data in Simplorer (such as rotor speed, rotation angle, current 

on the rotor side and grid side, etc.) are transmitted to 

Simulink, and then the control data of 12 IGBT ports is 

transmitted back after being processed by the control circuit. 

The simulation time and step size of Simulink in this 

article are consistent with Simplorer. The control logic block 

diagram of the converter on the generator side and the grid 

side, as shown in Figure 5, and the simulation module built in 

Simulink, as shown in Figure 6. 

According to Figure 6, the currents of the rotor-side 

winding, the stator-side winding and the grid-side circuit, the 

voltage between the two converters, and the rotor speed and 

rotation angle of the DFIG are all received as input signals by 



58 Wen Jie Zheng et al.:  Application of New Co-simulation in System Simulation of Doubly-fed Induction Generator  

 

Simulink. After the signal is processed by the control circuit 

in the module, the information for controlling each IGBT 

interface in Simplorer is obtained. 

At this point, the co-simulation model has been 

established. 

 

Figure 5. Converter control block diagram. 

 

Figure 6. Simulink model. 

3. Results and Discussion 

The simulation results can be viewed in Simplorer or 

Maxwell. Figure 7 is the MFD of DFIG, and Figure 8 is the 

EMT diagram of the generator. Figure 9 shows the UMP of 

the rotor. The above results are all obtained under normal and 

different eccentricity conditions of DFIGURE. 

According to Figure 7, the MFD is distributed 

symmetrically and has two cycles (the DFIG simulated in 

this paper is a generator with two pairs of poles) when the 

DFIG is running normally. But the MFD will be distorted 

after eccentricity. Specifically, the MFD on the side where 

the air gap decreases is increased, and the MFD on the side 
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where the air gap increases decreases. 

In addition, the simulated EMT is fluctuate value in a no 

stable (as Figure 8). But eventually it will stabilize，and it is 

negative value. This is because the asynchronous electric 

machine in this article is in the generator state and the torque 

is the resistance torque. And the torque decreases with the 

increase of eccentricity. 

Moreover, the rotor is basically free of vibration in normal 

operation. The occurrence of eccentricity will increase the 

UMP of the rotor, which will cause the rotor to vibrate. And 

the vibration increases with the increase of eccentricity, as 

shown in Figure 9. The above simulation results are 

consistent with the theoretical analysis. 

 

Figure 7. Spatial distribution of MFD before and afterSAGE. 

 

Figure 8. Time domain waves of torque before and after SAGE. 

 

Figure 9. UMP of rotor before and after SAGE. 

4. Conclusion 

This paper proposes a simulation model integrating 

Maxwell, Simplorer and Simulink, which can effectively 

solve the problems of DFIG physical simulation, converter 

control and generator grid connection. It can not only see the 

changes of basic parameters (current, EMT, etc.) during 

DFIG operation, but also more intuitively simulate the 

influence of generator-side SAGE fault on the MFD and 

rotor vibration of DFIGURE. 

(1) The co-simulation model can better simulate the situation 

of the real generator system, including generator model, 

converter and its control, grid operation, etc. 

(2) The co-simulation model can more effectively simulate 

the faults on DFIGURE This article gives an example 

of simulating radial eccentricity. The results are 

consistent with the theoretical analysis, indicating the 

effectiveness of the model. 
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